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ABSTRACT  
While an enterprise architectural approach is appropriate for business and IT alignment it also has potential with respect to 
the design and implementation of healthcare applications by effective representation of healthcare processes. Our research is 
to develop an enterprise architectural framework for managing contextual knowledge by exploiting object location deduction 
technologies in healthcare processes that involve the movement of patients.  Such a framework is intended to facilitate 
healthcare managers in adopting location deduction technologies for patient care resulting in improvements in clinical 
process management and healthcare services.  
Keywords  
Enterprise architecture, service automation, knowledge management, healthcare process integration and context based 
technology. 
INTRODUCTION 
In practice enterprise architectural descriptions within organizations have several layers [1]. Usually the layers comprise three 
parts, business, application and technology [2]. Lower layer functionalities provide practical support for further higher layers 
[3]. Modelling support in these layers is available however appropriate selection of modelling concepts for each layer is very 
necessary for business (in this case healthcare) and IT alignment [4]. Appropriate selection of modeling concepts for 
facilitating a conceptual view is also essential for representing processes, applications, activities, components, objects and 
processes relations in a systematic way [1]. Enterprise architecture (EA) is an appropriate approach for representation of 
healthcare processes onto different layers for designing and implementing suitable healthcare applications involving the 
movement of patients [1]. Healthcare processes’ representation and linking with each other in conjunction with healthcare 
functionality and IT alignment are necessary for considering an appropriate framework [2]. Enterprise architecture thinking 
would facilitate a methodology for representing and linking of healthcare processes [3]. Hence, in the first part of this 
research enterprise architecture is considered for analyzing and modeling healthcare processes and their relationships in 
different organizational layers. 
Handling of processes within an organization is considered and addressed many times for optimization purposes in 
commercial settings of organizational operations. Business activities involve the handling of various processes [5]. There are 
various process models available from static, rigid to flexible and very flexible in respect of organizational behaviour [6]. 
Appropriate handling of processes in relation with human activities is very difficult task [7]. Some models have a predefined 
structure of information flow to address process integration [7].  
The fast pace of information flow and complex information systems may reduce human integration within organizational 
systems. Humans are a very important resource of any organization [7] and the intensity of human involvement may vary 
from organization to organization [5]. In healthcare settings human involvement is not only important but also it is sensitive 
in nature [8]. Moreover it is a very demanding resource [8]. Optimizing the use of processes within healthcare settings is 
crucial [9]. Appropriate process automation may address the proper integration of human involvement in healthcare settings 
[8]. It may save resource usage and reduce the risk of unattended patients in hospital settings [8]. In healthcare settings 
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significant numbers of processes involve humans [5]. Humans vary in respect of their time for performing any task [5]. This 
human variability affects events within healthcare [8].  
Proper staff utilization and dealing with change events is critical for addressing improvements in patients’ services [5]. If the 
control mechanism of a process can be increased for hospital management then it certainly improves quality of work with 
improved practices [8]. Healthcare organizations struggle to increase appropriateness in resource allocation for patients’ 
processes in conjunction with high level of patients’ satisfaction [8]. Handling of interdependent processes is a complex task 
because one process may interact with another process behaviour [10]. In this research these complex processes of healthcare 
for patients’ movement will be considered in the context of their improvement through automation.  
Information about the location of objects (including patients) in healthcare processes can facilitate process improvement 
through automation [5]. In sensitive organizations like hospitals, where object safety such as patient and professional medical 
treatment is of high value can improve their services through process automation [8]. Due to the sensitivity of the medical 
treatment process automation is a highly complex task [8]. Mobile technology has a vital role in providing process 
automation for dynamic object movement environment [9], [11], [12], [13], [14], [15]. Although process automation can 
provide effective service and resource management, however recognizing a process that can be automated is itself a 
significant problem in the healthcare environment [16]. Selecting or devising an appropriate model for process automation is 
a complex task [17]. If any model can provide an appropriate mechanism of selecting these processes and also facilitate the 
design of the process chain for process automation then it will help the healthcare industry to improve their services [18]. In 
this research an enterprise architecture approach is used to model healthcare process automation using mobile technology. 
RESEARCH OBJECTIVES 
A. Identify key aspects of healthcare processes that involve the movement of patients using enterprise architecture concepts. 
B. Identify knowledge factors in healthcare processes utilising knowledge management concepts and relate these with object 
location context.  
C. Design an approach for knowledge management in patient based healthcare processes by investigating location context 
through mobile technology. 
D. Develop an enterprise architectural framework for healthcare processes which involve patients’ movement by linking 
healthcare processes, location contextual information and knowledge factors. 
E. Evaluation of context based knowledge management framework through a hospital based case study. 
CLINICAL PROCESS MANAGEMENT 
Patients’ processes can vary according to structure, instances and context. Handling clinical process instances on a 
continuous basis with their parameterized values of patients’ activities and events is a relatively critical task [5]. In process 
management selection of appropriate activities in such a manner that it reduces the complexity of whole patients’ process is 
very typical [5]. Activities in healthcare can be associated with the location context of an object [9]. Objects, especially 
patients, and their related clinical details are subject to change their location for performing any medical operation within 
healthcare settings [19], [20]. It is a significantly difficult task to handle processes where objects are dynamic in nature 
according to their location [21], [22], [23]. Hence, formal representation of clinical processes and their classification in 
ontology that contain all noteworthy processes is appropriate [24], [25]. This formal clinical process classification can help to 
devise the control mechanism for appropriate handling of the dynamic objects [24]. Control mechanisms of the objects can 
manage the change events appropriately [25]. In clinical process management this appropriate change event handling 
supports proper resource usage and increases the ability to improve clinical services [5]. In this research, these clinical 
processes are mapped using enterprise architecture concepts and then these processes through their layers will be associated 
with technology automation and context for healthcare services improvement.  
KNOWLEDGE MANAGEMENT 
Information plays a significant role for continuous operation of any organization and knowledge plays a critical role for 
continuous growth of any organization [7]. Information properties are frequently referred to as: complete, relevant and timely 
[7]. Information is the backbone of any organization for smooth running of their day-to-day operation but knowledge is a 
critical factor for the continuous success of any organization [6]. Knowledge is frequently defined in a business context as 
actionable, based on a person’s experience and relevancy in any given circumstances [6]. Knowledge is a critical factor for 
organizational growth that is typically ignored in various industries especially in the healthcare sector [6]. This is a basic 
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reason for defective or lack of supportive methodological architecture that results in inefficient knowledge management and 
problematic knowledge management implementation [9]. This is major hurdle preventing organizational learning [23]. 
Which is why, most frequently it fails to develop, exploit, and capitalize on the organizational knowledge for healthcare 
process changes [26]. If these critical factors are identified through enterprise architecture layers then its analysis will 
facilitate linking and integrating the entire technology change process.  
LOCATION CONTEXT 
In this era of mobile computing the context awareness infrastructure and its application is highly important to achieve any 
organizational goal [6]. The location judgment of any entity is a relatively easy task but several objects within any 
organization can be bound in the process of executing the various organizational functions with continuous change of their 
location [19], [20]. This continuous, objects’ location change and judgment of their context is relatively complex [19], [20].  
Location deduction refers to finding out or giving physical location reference to an object [21], [22], [23]. Most of the time an 
object has two references (longitude and latitude) in respect to its location [21], [22], [23]. But in local settings it can work 
within customized ways through different sensor technology use. In this situation location reference parameters depend on 
signal strength system installation and local covered area map. [21], [22], [23]. In some scenarios objects may have a third 
reference (height) which refers to sea level in global systems but in local settings (such as flooring within a building) it can 
refer to a static base point reference [21], [22], [23]. Location deduction, while any object in motion, is one of the mobile 
technology research areas. Motion deduction and object position could be handled through assigning various properties with 
respect to object location [24]. This context assigning to an object gives information to a system about an object in many 
ways [25]. Context aspect can have many parameters and the object itself could contain many contexts for only one position 
at any particular time that makes this scenario complex [27]. Different signal technology can be used for deduction of the 
position of an object; it depends on the scenario and usability of an object position [25], [27]. The context aspects with signal 
technology give rise to security and confidentiality issues for handling the IT application and its use in a real environment 
[25]. In this research, patients/staff data will be considered in the proposed framework for context handling in healthcare. 
Confidentiality and security issues will be considered in handling the healthcare data. Signal technologies that have been 
considered include Bluetooth, GPS and electronically handled hardware devices such as RFID (Radio Frequency 
Identification) [27]. RFID can be further distributed into simple and active RFID, with this technology deduction of objects’ 
location and any change in their positions with respect to time is possible [28], [29]. In this research project the location 
context will be dealt with through RFID technology to address the deduction issues of an object.  
DISCUSSION 
Healthcare organizations such as hospitals are modifying their functional philosophy to become enterprise-based 
organizations [30]. Healthcare systems often sustain the medical staff and improve their daily routine through IT projects 
implementation, facilitating steady growth [31]. Through healthcare organizations, especially multidisciplinary hospitals, 
adopting modern information technology with proven concepts from commercial business organizations, may help to 
decrease costs and improve quality of medical processes [6], [30]. Hospitals have many complex process structures, similar 
to commercial organizations [6]. These processes may be routine processes, for example patients’ admission and patients’ 
scheduling for their operation dates while other processes may occur in certain circumstances for example when a porter does 
not turn up on time for a particular patient’s transition. These processes can be organized and maintained through automated 
technology services [32]. A healthcare organization such as hospital needs to manage these objects in a more detailed way. A 
process involving patients’ treatments at different locations and times can be detailed by deterministic patients’ movement 
within the hospital [32]. However when unforeseen situations occur, these deterministic patients’ movement cannot cope 
without an automatic location detection system.  
Patients’ movement management is a very important function in healthcare settings and can be analysed and mapped through 
business organization process modelling. It is especially vital for smooth and constant flow of patients for their medical 
treatment within a hospital [8]. In situations when exception conditions result in process execution being threatened then 
integration and detailed knowledge about objects is very necessary [5], [9], [23], [24], [33], [34]. Moreover objects may 
constantly change their status through other objects’ behaviour [5], [19]. For normal behaviour of the overall system, it is 
necessary to deduce location within their context and integrate all objects to optimize a process [31].   
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METHOD OF INVESTIGATION 
The investigation utilises a qualitative approach combining literature review as well as document analysis, observation, and 
analysis of paramedic experience in the healthcare setting. This is used to identify key aspects of healthcare that involve the 
movement of patients.  These are discussed in enterprise architectural concepts [1], [2], [35].  
Similarly knowledge factors in healthcare processes are identified and discussed in terms of knowledge management 
concepts [30], [31]. Based on this an approach for improving healthcare processes through linking location contextual 
information and knowledge factors will be designed. This framework is intended to integrate healthcare processes, 
procedures and activities through location-based knowledge resulting in systems that improve healthcare. 
A case study approach will be used to evaluate the framework by producing a prototype location context knowledge 
management framework within the hospital environment for selected patient processes. 
 
  
Figure 1. Context Based Knowledge Management for Healthcare 
 
A UK hospital is being used for this evaluation and they have agreed to provide the required information for analysis, 
modelling, and partial prototyping.  
EXPECTED OUTCOME OR FUTURE WORK 
This research project will result in a framework for healthcare management, which will help to make decisions in adoption of 
location deduction technology for patients’ movement for medical treatment. Hospitals will be able to understand the role of 
these technologies in enhancing knowledge management. This framework will provide appropriate structure for knowledge 
management in healthcare in conjunction with patients’ movements.  This framework will exploit object location deduction 
technologies for improving healthcare services.  
ACKNOWLEDGMENTS  
We would like to thank the Hospital Management and NHS Trust Chair for allowing us access to the hospital for our study. 
We are grateful to all the Hospital staff: Managers, Surgeons, Doctors, IT Managers, IT Developers, Nurses and Ward Staff 
for their participation in the study. We appreciate their support and time in providing us with information about patients’ 
movements for medical treatment within hospital. The resulting knowledge and analysis has provided a useful foundation for 
our research in context based knowledge management systems. We would also like to thank Staffordshire University for use 
of the AWM (regional development agency) funded West Midlands Mobile & Wireless Project laboratory.  
Ahsan, K. et al.                                                                                 Context Based Knowledge Management in Healthcare (An EA Approach) 
 
Proceedings of the Fifteenth Americas Conference on Information Systems, San Francisco, California August 6th-9th 2009 5 
REFERENCES 
1. Jonkers, H., Buuren, R. V., Arbab, F., Boer F. D., Bonsangue, M., Bosma, H., Doest, H. T., Groenewegen, L.,  Scholten, 
J. G., Hoppenbrouwers, S., Iacob, M. E., Janssen, W., Marc, Lankhorst, Leeuwen D. V., Proper, E., Stam, A., Torre, L. 
V. D., and Zanten, G. V. V. (2003) Towards Language for Coherent Enterprise Architecture Description, in M. Steen 
and B.R.Bryant (edu.), Proceeding 7th IEEE International Enterprise Distributed Object Computing Conference, 
Brisbane, Australia.   
2. Arkin, A., (2002) Business Process Modelling Language, BPMI.org, available: http://www.bpmi.org/bpmi-
downloads/BPML1.0.zip. 
3. Business Process Project Team, (2001) ebXML Business Process Specification Schema Version 1.01, UN/CEFACT and 
OASIS, available: http://www.ebxml.org/specs/ebBPSS.pdf. 
4. Jonkers, H., Lankhorst, M., Buuren, R. V., Hoppenbrouwers, S., Bonsangue M., and Torre, L. V. D. (2004) Concepts for 
Modelling Enterprise Architectures, Telematica Instituut, An Enschede, Netherlands.  
5. Cheverst, K., Mitchell, K., Davies, N., & Smith, G., (2000) Exploiting Context to support social awareness and social 
navigation, SIGGROUP Bulletin, vol 21, No. 3.  
6. Vanhoenacker, J., Bryant, A., & Dedene, G., (1999) Creating a Knowledge Management Architecture for Business 
Process Change, SIGCPR, ACM, 1999 1-581 13-063-5/99/04.  
7. Amann, P., & Quirchmayr, G., (2003) Foundation of a Framework to Support Knowledge Management in the Field of 
Context-Aware and Pervasive Computing, CTBTO, Australian Computer Society, Vol 21.  
8. Blount, M., Davis, J., Misra, A., Sow, D., & Wang, M., (2007) A Time and Value Centric Provenance Model and 
Architecture for Medical Event Streams, IBM T.J. Walton Research Centre, ACM.  
9. Ryan, C., & Gonsalves, A., (2005) The Effect of context and application type on mobile usability: an empirical study, 
Australian Computing Society, Vol. 38.  
10. Pousti, H., & Hasan, H., (2005) Knowledge Management through Mobile Networks in Emergency Situations, 
Proceedings of the International Conference on Mobile Business (ICMB’05), 0-7695-2367-6/05, IEEE.  
11. Cacace, F., & Vollero, L., (2006) Managing Mobility and Adaptation in Upcoming 802.21Enabled Devices, 
WMASH’06, ACM1595934707/06/0009.  
12. Bhattacharya, A., & Das, S. K., (2002) LeZi-Update: An Information-Theoretic Framework for Personal Mobility 
Tracking in PCS Networks, ACM: Wireless Networks 8, 121–135.  
13. Bolcer, G. A., (2002) Magi: An Architecture for Mobile and Disconnected Workflow, Endeavors Technology Inc., 
Internet Computing, 1089-7801/00/ IEEE.  
14. Chalmers, D., Dulay, N., & Sloman, M., (2004) Meta Data to Support Context Aware Mobile Applications, Proceedings 
of the International Conference on Mobile Data Management (MDM’04) 0-7695-2070-7/04 IEEE.  
15. Torres, J., Sierra, J. M., Tellez, J., Izquierdo, A., (2007) Interoperability and Information Mobility Issues in Industrial 
Ecosystems, 1-4244-0755-9/07/ IEEE.  
16. Demirdjian, D., Tollmar, K., Koile, K., Checka, N., & Darrell, T., (2002) Activity map for location-aware computing, 
MIT Articial Intelligence laboratory, workshop on Applications of Computer vision, IEEE.  
17. Seehusen, F., & Stolen, K., (2006) Information Flow Property Preserving Transformation of UML Interaction Diagrams, 
SACMAT’06, ACM 1-59593-354-9/06/0006.  
18. Bellavista, P., Corradi, A., & Montanari, R., (2006) A Mobile Computing Middleware for Location and Context-Aware 
Internet Data Services, ACM: Transaction on Internet Technology, Vol-6, No-4.  
19. Lei, H., Sow, D. M., Davis, J. S., Banavar, G., & Ebling, M. R., (2006) The Design and Application of a Context 
Service, IBM T. J Watson Research Center, Mobile Computing and Communications Review, Volume 6, Number 4.  
20. Ashbrook, D., & Starner, T., (2002) Learning Significant Locations and Predicting User Movement with GPS, IEEE in 
6th International Symposium on wearable computers.  
21. Ciavarella, C., & Paterno, F., (2004) The design of a handheld, location-aware guide for indoor environments, Ubiquities 
Computing 8: 82–91, DOI 10.1007/s00779-004-0265-z, ACM.  
22. Jone, R., Moreira, A., Rodrigues, H., & Davies, N., (2003) The AROUND Architecture for Dynamic Location-Based 
Services, Information Systems Department, Mobile Networks and Applications 8, 377–387, ACM.  
Ahsan, K. et al.                                                                                 Context Based Knowledge Management in Healthcare (An EA Approach) 
 
Proceedings of the Fifteenth Americas Conference on Information Systems, San Francisco, California August 6th-9th 2009 6 
23. Ranganathan, A., & Campbell, R. H., (2003) An infrastructure for context-awareness based on first order logic, Springer-
verlag London Limited.  
24. Mantoto, T., & Johnson, C., (2003) Location History in a Low-cost context awareness environment, work shop in 
Australian Computer Society.  
25. Li, C. J., Liu, L., Zong Chen, S., Wu, C. C., Huang, C. H., & Chen, X. M., (2004) Mobile Healthcare Service System 
Using RFID, Sensing and Control, Taiwan, IEEE.  
26. Wan, L., Zhao, C., Liu, Q., & Sun, J., (2005) Work in Progress-An Evaluation Model for Learning Content Management 
Systems: from a perspective of knowledge management, Fronteirs in Education Conference, 0-7803-9077-6/05, IEEE.  
27. Wu, F., Kuo, F., & Liu, L. W., (2005) The Application of RFID on Drug Safety of Inpatient Nursing Healthcare, ACM: 
1-59593-112-0/05/08.  
28. Ho, L., Moh, M., Walker, Z., Hamada, T., & Su, C. F., (2005) A Prototype on RFID and Sensor Networks for Elder 
Healthcare: Progress Report, Venturi Wireless, Sunnyvale.  
29. Wang, F., & Liu, P., (2005) Temporal Management of RFID Data, VLDB Conference, Trondheim.  
30. Ghosh, B., & Scott, J. E., (2005) Comparing Knowledge Management in Health-Care and Technical Support 
Organizations, TRANSACTIONS ON INFORMATION TECHNOLOGY IN BIOMEDICINE, VOL. 9, NO. 2, IEEE. 
31. Curia, R., Gallucci, L., Ruffolo, M., (2005) Knowledge Management in Health Care: an Architectural Framework for 
Clinical Process Management Systems, ICAR-CNR Proceedings of the 16th International Workshop on Database and 
Expert Systems Applications (DEXA’05) 1529-4188/05.  
32. Meneses, F., & Moreira, A., (2004) A flexible location-context representation, Information Systems Department, 
Portugal, 0-7803-8523-1/04 IEEE.  
33. Ezick, J., (2004) Resolving and Applying constraint queries on context sensitive analysis, ACM.  
34. Keidl, M., & Kemper, A., (2004) Towards context-aware adaptable web services, Passau, Germany, ACM 1-58113-912-
8/04/0005.  
35. Greenfield, T., (2002) Research Methods for Postgraduates, Second Edition, Oxford University Press, ISBN: 0-340-
80656-7. 
